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(54) ALL SOLID STATE BATTERY

(67)  Amain object of the present disclosure is to pro-
vide an all solid state battery wherein the occurrence of
a minute short circuit, in an anode active material layer
located in a non-opposing region, is suppressed. The
present disclosure achieves the object by providing an
all solid state battery comprising a cathode, an anode,
and a solid electrolyte layer, and the anode active mate-
rial layer includes an anode active material, and a sulfide
solid electrolyte, the anode current collector is a current
collector that react with the sulfide solid electrolyte at an
open circuit potential of the anode active material, the all
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solid state battery includes an opposing region, and a
non-opposing region, the anode current collector in-
cludes a coating layer including lithium titanate, on a sur-
face of the anode active material layer side, in plan view,
the coating layer includes one or two or more of an ex-
istence portion and non-existence portion respectively,
in the region specified by an outer edge of the anode
current collector, and in plan view, the coating layer in-
cludes the existence portion in at least a part of the op-
posing region, and includes the non-existence portion in
at least a part of the non-opposing region.
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Description
Technical Field

[0001] The present disclosure relates to an all solid
state battery.

Background Art

[0002] An all solid state battery is a battery including a
solid electrolyte layer between a cathode active material
layer and an anode active material layer, and has advan-
tages in that it is easy to simplify a safety device as com-
pared with a liquid battery including a liquid electrolyte
containing flammable organic solvents.

[0003] As an anode active material having good ca-
pacity property, a Si based active material has been
known. Also, as a solid electrolyte having good ion con-
ductivity, a sulfide solid electrolyte has been known. Pat-
entLiterature 1 discloses amethod for producing a sulfide
solid battery, the method comprising a step of obtaining
a predoped material by doping a black lead or a lithium
titanate with lithium; a step of obtaining an anode mixture
by mixing a sulfide solid electrolyte, a silicon based active
material, and the predoped material; a step of obtaining
an anode by stacking the anode mixture on the surface
of a cathode current collector including copper.

Citation List
Patent Literature

[0004] Patent Literature 1: Japanese Patent Applica-
tion Laid-Open (JP-A) No. 2019-106352

Summary of Disclosure
Technical Problem

[0005] As disclosed in Patent Literature 1, since the
potential of the silicon based active material before
charging is high, the sulfide solid electrolyte included in
the anode active material layer and the anode current
collector (such as a Cu foil) react with each other to gen-
erate a metal sulfide (such as CuS) having high electron
conductivity. The metal sulfide may be a cause of a
minute short circuit (voltage drop), by being diffused.
[0006] Meanwhile, the size of the anode in plan view
is made larger than the size of the cathode in some cases.
By providing a difference in sizes, the occurrence of a
short circuit due to the contact between the cathode and
the anode, during the production of the all solid state
battery (such as at the time of shape forming by cutting
an electrode), may be suppressed. Also, by making the
size of the anode relatively large, the occurrence points
of Li dendrite may be scattered.

[0007] When the size of the anode is made larger than
the size of the cathode, the charge/discharge reaction in
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the anode active material layer tends to be uneven. Here,
in a thickness direction of the all solid state battery, a
region where the anode active material layer and the
cathode active material layer are opposing to each other
is regarded as an opposing region; and a region where
the anode active material layer and the cathode active
material layer are not opposing to each other is regarded
as a non-opposing region. In the opposing region, since
the ion conductive distance and the electron conductive
distance in the anode active material layer are the short-
est, the potential of the anode active material tends to be
decrease by charging. Meanwhile, in the non-opposing
region, since the ion conductive distance and the electron
conductive distance in the anode active material layer
are longer than that in the opposing region, the potential
ofthe anode active material is hardly decreased by charg-
ing. Therefore, in the anode active material layer located
in the non-opposing region, the minute short circuit de-
scribed above tends to occur.

[0008] The present disclosure has been made in view
of the above circumstances, and a main object of the
present disclosure is to provide an all solid state battery
wherein the occurrence of a minute short circuit, in an
anode active material layer located in a non-opposing
region, is suppressed.

Solution to Problem

[0009] In order to achieve the object, the present in-
ventor has carried out extensive studies, and found out
that, by being creative with a coat layer (a coat layer
including lithium titanate) provided on a surface of an
anode current collector, uniformity of a charge/discharge
reaction in an anode active material layer may be im-
proved. Here, the lithium titanate included in the coat
layer (particularly Li, TisO,) has an electron conductivity
in the charged state. However, it is insulated when Li is
extracted at occurrence of an inner short circuit, for ex-
ample. By placing the coat layer having such a shutdown
function between the anode active material layer and the
anode current collector, improvement in safety may be
expected.

[0010] Meanwhile, by placing the coating layer, the re-
sistance itselfincreases. Thus, it has been found out that,
by not placing the coating layer in the non-opposing re-
gion while placing the coating layer in the opposing re-
gion, the resistance difference between the opposing re-
gion and the non-opposing region decreases, so that a
charge reaction may be progressed (the potential of the
anode active material may be decreased) in the anode
active material layer located in the non-opposing region.
The present disclosure has been made based on such
findings.

[0011] That is, the present disclosure provides an all
solid state battery comprising a cathode including a cath-
ode active material layer, and a cathode current collector;
an anode including an anode active material layer, and
an anode current collector; and a solid electrolyte layer
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placed between the cathode active material layer and
the anode active material layer, and the anode active
material layer includes an anode active material, and a
sulfide solid electrolyte, the anode current collector is a
current collector that react with the sulfide solid electro-
lyte at an open circuit potential of the anode active ma-
terial, in a thickness direction, the all solid state battery
includes an opposing region where the anode active ma-
terial layer and the cathode active material layer are op-
posing to each other; and a non-opposing region where
the anode active material layer and the cathode active
material layer are not opposing to each other, the anode
current collector includes a coating layer including a lith-
ium titanate, on a surface of the anode active material
layer side, in plan view, the coating layer includes one or
two or more of an existence portion and a non-existence
portion respectively, in the region specified by an outer
edge of the anode current collector, and in plan view, the
coating layer includes the existence portion in at least a
part of the opposing region, and includes the non-exist-
ence portion in at least a part of the non-opposing region.
[0012] According to the present disclosure, since the
existence portion of the coating layer is placed in the
opposing region, and the non-existence portion of the
coating layer is placed in the non-opposing region, an all
solid state battery wherein the occurrence of a minute
short circuit, in an anode active material layer located in
a non-opposing region, is suppressed, may be obtained.
[0013] Inthedisclosure, the anode active material may
include Si.

[0014] In the disclosure, the anode current collector
may include Cu or Ni.

[0015] Inthe disclosure, in plan view, the coating layer
may include the existence portion in an entire area of the
opposing region.

[0016] Inthe disclosure, in plan view, the coating layer
may include the existence portion and the non-existence
portion in the opposing region.

[0017] Inthe disclosure, in plan view, the coating layer
may include the non-existence portion in an entire area
of the non-opposing region.

[0018] Inthe disclosure, in plan view, the coating layer
may include the existence portion and the non-existence
portion in the non-opposing region.

[0019] In the disclosure, in plan view, the non-exist-
ence portion in the non-opposing region may be placed
along a longitudinal direction of the all solid state battery.
[0020] In the disclosure, in plan view, the non-exist-
ence portion in the non-opposing region may be placed
along a transverse direction of the all solid state battery.
[0021] In the disclosure, in plan view, the non-exist-
ence portion in the non-opposing region may be placed
so as to surround the cathode active material layer, con-
tinuously or discontinuously.

Advantageous Effects of Disclosure

[0022] The all solid state battery in the present disclo-
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sure exhibits effects that the occurrence of a minute short
circuit in a non-opposing region may be suppressed.

Brief Description of Drawings
[0023]

FIGS. 1A to 1B are a schematic cross-sectional view
and a schematic plan view illustrating an example of
an all solid state battery in the present disclosure.
FIGS. 2A to 2F are schematic cross-sectional views
illustrating an example of an all solid state battery in
the present disclosure.

FIGS. 3A to 3D are schematic plan views illustrating
an example of an all solid state battery in the present
disclosure.

FIG. 4 is a schematic cross-sectional view illustrating
an example of an all solid state battery in the present
disclosure.

FIGS. 5A to 5D are schematic cross-sectional views
illustrating an evaluation battery in Examples 1 to 3
and Comparative Example 1.

Description of Embodiments

[0024] An all solid state battery in the present disclo-
sure will be hereinafter described in detail referring to the
drawings. Each figure shown below is schematically ex-
pressed, and the size and the shape of each member
are appropriately exaggerated, to facilitate understand-
ing. Also, in each figure, the hatchingindicating the cross-
section of a member is appropriately omitted. Also, in the
present specification, in expressing an embodiment of
arranging a member on another member, when merely
expressed as "on" or "under”, it includes both the case
of arranging a member directly on or directly under an-
other member so as to be in contact with another mem-
ber, and the case of arranging a member above or below
another member via still another member, unless other-
wise specified.

[0025] FIG. 1A is a schematic cross-sectional view il-
lustrating an example of an all solid state battery in the
present disclosure, and corresponds to an X-X cross-
sectional view of FIG. 1B. All solid state battery 10 shown
in FIGS. 1A and 1B comprises cathode C including cath-
ode active material layer 1, and cathode current collector
2; anode A including anode active material layer 3, and
anode current collector 4; and solid electrolyte layer 5
placed between cathode active material layer 1 and an-
ode active material layer 3. Anode active material layer
3 includes an anode active material, and a sulfide solid
electrolyte. Also, anode current collector 4 is a current
collector that react with the sulfide solid electrolyte at an
open circuit potential of the anode active material.
[0026] In thickness direction D, all solid state battery
10 includes opposing region Ry where anode active ma-
terial layer 3 and cathode active material layer 1 are op-
posing to each other; and non-opposing region R, where
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anode active material layer 3 and cathode active material
layer 1 are not opposing to each other. Also, anode cur-
rent collector 4 includes coating layer 6 including a lithium
titanate, on a surface of anode active material layer 3
side. Also, in plan view, coating layer 6 includes existence
portion 6a and non-existence portion 6b, in the region Rg
specified by an outer edge of anode current collector 4.
Further, in plan view, coating layer 6 includes existence
portion 6a in at least a part of opposing region R4, and
includes non-existence portion 6b in at least a part of
non-opposing region R,.

[0027] According to the present disclosure, since the
existence portion of the coating layer is placed in the
opposing region, and the non-existence portion of the
coating layer is placed in the non-opposing region, an all
solid state battery wherein the occurrence of a minute
short circuit, in an anode active material layer located in
a non-opposing region, is suppressed, may be obtained.
As described above, when the size of the anode is made
larger than the size of the cathode, a minute short circuit
is likely to occur in the anode active material layer located
in the non-opposing region. Thus, by placing the coating
layer in the opposing region while not placing the coating
layerin the non-opposing region, focusing on the coating
layer, the resistance difference between the opposing
region and the non-opposing region is decreased, and
as the result, a charge reaction may be progressed (the
potential of the anode active material may be decreased)
in the anode active material layer located in the non-op-
posing region.

1. Anode

[0028] The anode in the present disclosure includes
an anode active material layer, a coating layer, and an
anode current collector. Also, as shown in FIGS. 1A and
1B, in plan view, anode active material layer 3 is larger
than cathode active material layer 1. Particularly, in plan
view, anode active material layer 3 is preferably placed
so as to include the entire circumference of cathode ac-
tive material layer 1. The reason therefor is to effectively
suppress the short circuit due to the contact of anode
active material layer 3 and cathode active material layer
1. Also, in the thickness direction of the all solid state
battery, the region where the anode active material layer
and the cathode active material layer are opposing to
each other is regarded as an opposing region; and the
region where the anode active material layer and the
cathode active material layer are not opposing to each
other is regarded as a non-opposing region.

(1) Anode active material layer

[0029] An anode active material layer includes at least
an anode active material and a sulfide solid electrolyte.
Also, the anode active material layer may further include
at least one of a conductive material, and a binder.

[0030] The kind of the anode active material is not par-
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ticularly limited, and examples thereof may include a met-
al active material, and a carbon active material. Exam-
ples of the metal active material may include an active
material including a metal such as Si, Sn, Li, In, and Al.
The metal active material may be a simple substance of
the metal, may be an alloy of the metal, and may be an
oxide of the metal. Examples of the metal active material
including Si may include a Si simple substance, a Si alloy
(such as an alloy including Si as a main component), and
a Si oxide. Meanwhile, examples of the carbon active
material may include mesocarbon microbeads (MCMB),
highly oriented pyrolytic graphite (HOPG), hard carbon,
and soft carbon.

[0031] The open circuit potential of the anode active
material is, for example, 1.5 V (vs. Li/Li*) or more, and
may be 2.0 V (vs. Li/Li*) or more. Meanwhile, the open
circuit potential of the anode active material may be, for
example, 3.2 V (vs. Li/Li*) or less. In particular, the open
circuit potential of the anode active material before the
initial charge (at the time of battery assembly) may be in
the above range. Also, the anode active material may be
a material having an expansion rate, at the time of charg-
ing, larger than lithium titanate included in the coating
layer to be described later.

[0032] Examples of the shape of the anode active ma-
terial may include a granular shape. The average particle
size (D5g) of the anode active material is not particularly
limited; and is, for example, 10 nm or more, and may be
100 nm or more. Meanwhile, the average particle size
(D5g) of the anode active material is, for example, 50 wm
or less, and may be 20 wm or less. The average particle
size (D5g) may be calculated from the measurement by,
for example, alaser diffraction particle size analyzer, and
a scanning electron microscope (SEM). The proportion
of the anode active material in the anode active material
layeris, forexample, 20 weight% or more and 80 weight%
or less.

[0033] Examples of the sulfide solid electrolyte may
include a solid electrolyte containing a Li element, an X
element (X is at least one kind of P, As, Sb, Si, Ge, Sn,
B, Al, Ga, and In), and a S element. Also, the sulfide solid
electrolyte may further include at least one of an O ele-
ment and a halogen element. Examples of the halogen
element may include a F element, a Cl element, a Br
element, and an | element. The sulfide solid electrolyte
may be a glass (amorphous), and may be a glass ceram-
ic. Examples of the sulfide solid electrolyte may include
Li,S-P,Sg, Lil-Li,S-P,Sg, Lil-LiBr-LiyS-P,Ss, LiyS-SiS,,
Li,S-GeS,, and Li,S-P,S5-GeS,. Examples of the shape
of the sulfide solid electrolyte may include a granular
shape.

[0034] Examples of the conductive material may in-
clude a carbon material, a metal particle, and a conduc-
tive polymer. Examples of the carbon material may in-
clude particulate carbon materials such as acetylene
black (AB) and Ketjen black (KB); and fibrous carbon
materials such as carbon fiber, carbon nanotube (CNT),
and carbon nanofiber (CNF). Also, examples of the bind-
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er may include fluorine-based binders, polyimide-based
binders, and rubber-based binders. The thickness of the
anode active material layer is, for example, 0.1 uwm or
more and 1000 uwm or less.

(2) Anode current collector

[0035] Theanode currentcollectorisa currentcollector
that react with the sulfide solid electrolyte at an open
circuit potential of the anode active material. Examples
ofthe anode current collector may include ametal current
collector. Examples of the metal current collector may
include a current collector including a metal such as Cu,
and Ni. The metal current collector may be a simple sub-
stance of the metal, and may be an alloy of the metal.
Examples of the shape of the anode current collector
may include a foil shape. Also, in plan view, the anode
current collector is preferably placed so as to include the
entire circumference of the anode active material layer.

(3) Coating layer

[0036] The coating layer is a layer placed on a surface
of the anode current collector on the side of the anode
active material layer. In plan view, the coating layer in-
cludes one or two or more of an existence portion and a
non-existence portion respectively, in the region speci-
fied by an outer edge of the anode current collector. The
number of the existence portions means the number of
the existence portions formed continuously in plan view.
The same applies to the number of the non-existence
portions. For example, when a frame-shaped non-exist-
ence portion is placed around a rectangular existence
portion, the number of existence portion and the number
of non-existence portion are 1, respectively. Also, when
the coating layer formed in a whole region specified by
the outer edge of the anode current collector (a solid lay-
er) is used as a reference, the non-existence portion may
be regarded as a defective portion. In the non-existence
portion, the anode active material layer and the anode
current collector are usually in direct contact with each
other.

[0037] The coating layer is a layer including lithium ti-
tanate. The lithium titanate is a compound including Li,
Ti, and O. Examples thereof may include LisTigOqo,
LiyTiOy, LiyTiO5, and LiyTizO. Also, lithium titanate in-
cluded in the coating layer may be doped with Li. The
proportion of lithium titanate in the coating layer is, for
example, 50 weight% or more, and may be 70 weight%
or more, and may be 90 weight% or more.

[0038] The coating layer may further include a binder.
By adding a binder, adhesiveness of the coating layer is
improved, and adhesion of the anode active material lay-
er and the anode current collector is improved. Also, the
coating layer may or may not include a sulfide solid elec-
trolyte. Since the sulfide solid electrolyte and the binder
are the same as those described above, description
thereof is omitted here.
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[0039] The thickness of the coating layer is not partic-
ularly limited, and is, for example, 1 pm or more, and
may be 2 um or more. If the thickness of the coating layer
is too thin, there is a possibility that a sufficient shutdown
function may not be exhibited. Meanwhile, the thickness
of the coating layer is, for example, 15 um or less, and
may be 10 wm or less. If the thickness of the coating layer
is too thick, the thickness of the anode active material
layer will be relatively small, and the volume energy den-
sity may be decreased.

[0040] Also, it is preferable that the thickness of the
coating layer is smaller than the thickness of the anode
active material layer. The reason therefor is to suppress
the decreasein the volume energy density. The thickness
of the coating layer with respect to the thickness of the
anode active material layer is, for example, 3% or more,
and may be 5% or more. Meanwhile, the thickness of the
coating layer with respect to the thickness of the anode
active material layer is, for example, 20% or less, and
may be 13% or less. The method for forming the coating
layeris not particularly limited, and examples thereof may
include a method wherein a slurry is produced by dis-
persing lithium titanate in a dispersion medium, coating
an anode current collector with the slurry, and drying the
slurry.

[0041] Also, the coating layer in the present disclosure
includes, in plan view, the existence portion in at least a
part of the opposing region, and includes the non-exist-
ence portion in at least a part of the non-opposing region.
For example, as shown in FIG. 2A, coating layer 6 may
include existence portion 6ain the entire area of opposing
region R. By providing existence portion 6a in the entire
area of opposing region R4, the shutdown function may
be effectively exhibited. Also, coating layer 6 in FIG. 2A
includes non-existence portion 6b in the entire area of
non-opposing region R,. By providing non-existence por-
tion 6b in the entire area of non-opposing region Ry, the
resistance difference between the opposing region and
the non-opposing region may be reduced, and the uni-
formity of charge/discharge reaction in the anode active
material layer may be further improved.

[0042] Also, as shown in FIG. 2B, coating layer 6 may
include both of existence portion 6a and non-existence
portion 6b in opposing region R4. By providing non-ex-
istence portion 6b in opposing region R4, the resistance
difference between the opposing region and the non-op-
posing region may further be decreased. In a cross-sec-
tional view, when the width between the end portion of
existence portion 6a located at the outermost in opposing
region R4, and the end portion of cathode active material
layer 1 is regarded as W4, W, is not particularly limited,
and is, for example, 0.1 mm or more and 20 mm or less.
Also, in opposing region R;, the proportion of the area
of existence portion 6a to the total area of existence por-
tion 6a and non-existence portion 6b is, forexample, 70%
or more, may be 80% or more, and may be 90% or more.
Also, as shown in FIG. 2B, non-existence portion 6b in
opposing region R4 and non-existence portion 6b in non-
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opposing region R, may be continuously formed. Also,
as shown in FIG. 2C, coating layer 6 may include two or
more existence portions 6a in opposing region R. Sim-
ilarly, coating layer 6 may include two or more non-ex-
istence portions 6b in opposing region Rj.

[0043] Also, as shown in FIG. 2D, coating layer 6 may
include both of existence portion 6a and non-existence
portion 6b in non-opposing region R,. Further, as shown
in FIG. 2D, the end portion of existence portion 6ain non-
opposing region R, may coincide with the end portion of
anode active material layer 3. Since the volume variation
due to charge/discharge of the lithium titanate included
in existence portion 6a (coating layer 6) is small, the dam-
age of an exterior body may be suppressed by placing
such existence portion 6a at the outermost side.

[0044] Also, as shownin FIG. 2E, existence portion 6a
in opposing region R4 and existence portion 6a in non-
opposing region R, may be continuously formed. There-
by a cracking at the end portion of existence portion 6a
due to the confining pressure may be suppressed. In a
cross-sectional view, when the width between the end
portion of existence portion 6a located so as to extend
from opposing region R4 to non-opposing region R,, and
the end portion of cathode active material layer 1 is re-
garded as W,, W, is not particularly limited, and is, for
example, 0.1 mm or more and 10 mm or less. Also, in
non-opposing region R, the proportion of the area of
non-existence portion 6b to the total area of non-exist-
ence portion 6b and existence portion 6a is, for example,
70% or more, may be 80% or more, and may be 90% or
more. Also, as shown in FIG. 2F, the end portion of ex-
istence portion 6a in non-opposing region R, may coin-
cide with the end portion of anode active material layer
3. Also, as shown in FIG. 2F, coating layer 6 may include
two or more existence portions 6a in non-opposingregion
R,. Incidentally, although not particularly shown in the
figure, the coating layer may include two or more non-
existence portions in the non-opposing region.

[0045] Also, as shown in FIG. 3A, non-existence por-
tion 6b in non-opposing region may be placed along the
longitudinal direction of the all solid state battery in plan
view. In this case, two non-existence portions 6b are
placed so as to face each other. However, non-existence
portion 6b may be placed on either side. Also, as shown
in FIG. 3B, non-existence portion 6b in the non-opposing
region may be placed along the transverse direction of
the all solid state battery in plan view. Also in this case,
although two non-existence portions 6b are placed so as
to face each other, non-existence portion 6b may be
placed on either side. Also, as shown in FIG. 3C, non-
existence portion 6b in the non-opposing region may be
placed so as to surround the cathode active material layer
(not shown in the figure), continuously in plan view. Sim-
ilarly, as shown in FIG. 3D, non-existence portion 6b in
the non-opposing region may be placed so as to surround
the cathode active material layer (not shownin the figure),
discontinuously (intermittently) in plan view.

15

20

25

30

35

40

45

50

55

2. Cathode

[0046] The cathode in the present disclosure includes
a cathode active material layer, and a cathode current
collector. The cathode active material layer is a layer in-
cluding at least a cathode active material. Also, the cath-
ode active material layer may include at least one of a
sulfide solid electrolyte, a conductive material, and a
binder, as necessary.

[0047] Examples of the cathode active material may
include an oxide active material. Examples of the oxide
active material may include rock salt bed type active ma-
terials such as LiCoO,, LiMnO,, LiNiO,, LiVO,,
LiNi;;3C04/3Mn4,30,; spinel type active materials such
as LiMn,Oy, LiyTisO45, and Li(Nig sMn4 5)O,4; and olivine
type active materials such as LiFePO,, LiMnPO,,
LiNiPO,, and LiCoPO,.

[0048] A protecting layer including a Li ion conductive
oxide may be formed on the surface of the oxide active
material. The reason therefor is to suppress the reaction
between the oxide active material and the sulfide solid
electrolyte. Examples of the Li ion conductive oxide may
include LiNbO,. The thickness of the protecting layer is,
for example, 1 nm or more and 30 nm or less. Also, Li,S
may be used, forexample, as the cathode active material.
[0049] Examples of the shape of the cathode active
material may include a granular shape. The average par-
ticle size (Dgq) of the cathode active material is not par-
ticularly limited; and is, for example, 10 nm or more, and
may be 100 nm or more. Meanwhile, the average particle
size (Dgg) of the cathode active material is, for example,
50 pwm or less, and may be 20 pm or less.

[0050] The sulfide solid electrolyte, the conductive ma-
terial and the binder used for the cathode active material
layer may be in the same contents as those described in
"1. Anode" above; thus, the description herein is omitted.
The thickness of the cathode active material layer is, for
example, 0.1 wm or more and 1000 pwm or less. Also,
examples of the materials for the cathode current collec-
tor may include SUS, aluminum, nickel, iron, titanium,
and carbon.

3. Solid electrolyte layer

[0051] The solid electrolyte layer in the present disclo-
sure is a layer placed between the cathode active mate-
rial layer and the anode active material layer, and is a
layer including at least a solid electrolyte. The solid elec-
trolyte layer preferably includes a sulfide solid electrolyte
as the solid electrolyte. Also, the solid electrolyte layer
may include a binder. The sulfide solid electrolyte, and
the binder used for the solid electrolyte layer may be in
the same contents as those described in "1. Anode"
above; thus, the description herein is omitted. The thick-
ness of the solid electrolyte layer is, for example, 0.1 um
or more and 1000 pm or less.
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4. All solid state battery

[0052] The all solid state battery in the present disclo-
sure includes atleast one power generation unitincluding
a cathode active material layer, a solid electrolyte layer,
and an anode active material layer, and may include two
or more of them. When the all solid state battery includes
a plurality of the power generation units, they may be
connected in parallel, and may be connected in series.
[0053] All solid state battery 10 shown in FIG. 4 in-
cludes power generation unit A and power generation
unit B, and these are connected in parallel. Specifically,
in all solid state battery 10, based on anode current col-
lector 4, first coating layer 6x, first anode active material
layer 3a, first solid electrolyte layer 5a, first cathode active
material layer 1a, and first cathode current collector 2a
are placed in this order, on one surface s11; and second
coating layer 6y, second anode active material layer 3b,
second solid electrolyte layer 5b, second cathode active
material layer 1b, and second cathode current collector
2b are placed in this order, on the other surface s12.
Further, all solid state battery 10 includes cathode tab 2t
to which first cathode current collector 2a and second
cathode current collector 2b are connected; and anode
tab 4t located at an end of anode current collector 4. Also,
the insulating layer 7 is placed on the side surface of
power generation unit A and power generation unit B.
Such all solid state battery 10 has an advantage that the
stress due to the difference in the stretching ability of the
cathode layer and the anode layer is less likely to occur,
since the configuration of the other layers is symmetrical
with respect to anode current collector 4.

[0054] The all solid state battery in the present disclo-
sure is provided with an exterior body that houses a cath-
ode, a solid electrolyte layer, and an anode. The kind of
the exterior body is not particularly limited; and examples
thereof may include a laminate exterior body.

[0055] The all solid state battery in the present disclo-
sure may include a confining jig that applies a confining
pressure along the thickness direction, to the cathode,
the solid electrolyte layer and the anode. By applying the
confining pressure, a favorable ion conductive path and
an electron conductive path may be formed. The confin-
ing pressure is, for example, 0.1 MPa or more, may be
1 MPa or more, and may be 5 MPa or more. Meanwhile,
the confining pressure is, for example, 100 MPa or less,
may be 50 MPa or less, and may be 20 MPa or less.
[0056] The all solid state battery in the present disclo-
sure is typically an all solid state lithium ion secondary
battery. The use of all solid state battery is not particularly
limited, and examples thereof may include a power sup-
ply of a vehicle such as a hybrid electric vehicle, a battery
electric vehicle, a gasoline-powered vehicle, and a die-
sel-powered vehicle. In particular, it is preferably used in
the driving power supply of a hybrid electric vehicle, or a
battery electric vehicle. Also, the all solid state battery in
the present disclosure may be used as a power source
for moving objects other than vehicles, such as railroad
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vehicles, ships, and airplanes, or may be used as a power
source for electric appliances such as information
processing apparatuses.

[0057] Incidentally, the present disclosure is not limited
to the embodiments. The embodiments are exemplifica-
tion, and any other variations are intended to be included
in the technical scope of the present disclosure if they
have substantially the same constitution as the technical
idea described in the claim of the present disclosure and
offer similar operation and effect thereto.

Examples
[Comparative Example 1]
<Production of anode>

[0058] Firstly, a slurry including the followings were
prepared: a lithium titanate (Li,TigO, particles, average
particle size of 0.7 um), a sulfide solid electrolyte (10Lil-
15LiBr-75(0.75Li,S-0.25P,S5)), a binder (styrenebutadi-
ene rubber, SBR) and a dispersing medium. A coating
layer (thickness of 5 um) was formed by coating an anode
current collector (a Ni foil, thickness of 15 um) with this
slurry, and drying.

[0059] Next, an anode slurry including the followings
were prepared: an anode active material (Si particles,
average particle size of 2.5 um), a sulfide solid electrolyte
(10Lil-15LiBr-75(0.75Li,S-0.25P,S5)), a conductive ma-
terial (VGCF), a binder (SBR) and a dispersing medium.
An anode active material layer (thickness of 50 um) was
formed by coating the coating layer with the obtained
anode slurry, and drying. Thereby, an anode including
an anode current collector, a coating layer, and an anode
active material layer was obtained.

<Production of cathode>

[0060] A cathode slurry including the followings were
prepared: a cathode active material (LiNi;;3C04/5Mn 4,30,
coated with LiNbO3), a sulfide solid electrolyte (10Lil-
15LiBr-75(0.75Li,S-0.25P,S5)), a conductive material
(VGCF), a binder (PVDF) and a dispersing medium. A
cathode active material layer (thickness of 60 pm) was
formed by coating a cathode current collector (an Al foll,
thickness of 15 um) with the obtained cathode slurry, and
drying. Thereby, a cathode including a cathode current
collector, and a cathode active material layer was ob-
tained.

<Production of solid electrolyte layer>

[0061] A solid electrolyte layer (thickness of 30 wm)
was obtained by charging a sulfide solid electrolyte
(10Lil-15LiBr-75(0.75Li,S-0.25P,Sg)) into a ceramic
tube with an inner cross-sectional area of 1 cm?2, and
pressing under 4 ton/cm?2.
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<Production of evaluation cell>

[0062] An evaluation cell was obtained by placing the
cathode on one surface of the solid electrolyte layer, plac-
ing the anode on another surface of the solid electrolyte
layer, and pressing. As shown in FIG. 5A, in the obtained
evaluation cell, the width of anode current collector 4,
coating layer 6, anode active material layer 3, and solid
electrolyte layer 5 was 13 mm respectively, the width of
cathode active material layer 1 was 11 mm, and the width
of cathode current collector 2 was 10 mm.

[Example 1]

[0063] An evaluation cell was obtained in the same
manner as in Comparative Example 1 except that the
width of coating layer 6 was changed to 11 mm, as shown
in FIG. 5B.

[Example 2]

[0064] An evaluation cell was obtained in the same
manner as in Comparative Example 1 except that the
width of coating layer 6 was changed to 10 mm, as shown
in FIG. 5C.

[Example 3]

[0065] An evaluation cell was obtained in the same
manner as in Comparative Example 1 except that the
shape in plan view of coating layer 6 was changed, as
shown in FIG. 5D.

[Evaluation]

[0066] The valuation cells obtained in Examples 1 to
3 and Comparative Example 1 was CCCV charged, at
0.1 Cuntil 3.0 V, and the charge was stopped at the time
when the current value reached 0.01 C. Then, the eval-
uation cells were stored at 60°C for 30 days, and the
voltage decrease before and after the storage was de-
termined. The results are shown in Table 1.

[Table 1]

Voltage decrease (AV)
Comp.Ex.1 0.505V
Example 1 0.005V
Example 2 0.003V
Example 3 0.005V

[0067] AsshowninTable 1,itwas confirmed that, com-
pared to Comparative Example 1, the voltage decrease
in Examples 1 to 3wasremarkably low. The reason there-
for is presumed that, by placing the coating layer in the
opposing region while not placing the coating layer in the

10

15

20

25

30

35

40

45

50

55

non-opposing region, the resistance difference between
the opposing region and the non-opposing region was
decreased, so that the charging was progressed also in
the non-opposing region, so as to decrease the potential
of the non-opposing region.

Reference Signs List
[0068]

cathode active material layer
cathode current collector
anode active material layer
anode current collector
solid electrolyte layer

0 all solid state battery

= O WN -

Claims

1. An all solid state battery comprising a cathode in-
cluding a cathode active material layer, and a cath-
ode current collector; an anode including an anode
active material layer, and an anode current collector;
and a solid electrolyte layer placed between the cath-
ode active material layer and the anode active ma-
terial layer, and

the anode active material layer includes an an-
ode active material, and a sulfide solid electro-
lyte,

the anode current collector is a current collector
that react with the sulfide solid electrolyte at an
open circuit potential of the anode active mate-
rial,

in a thickness direction, the all solid state battery
includes an opposing region where the anode
active material layer and the cathode active ma-
terial layer are opposing to each other; and a
non-opposing region where the anode active
material layer and the cathode active material
layer are not opposing to each other,

the anode current collector includes a coating
layer including a lithium titanate, on a surface of
the anode active material layer side,

in plan view, the coating layer includes one or
two or more of an existence portion and a non-
existence portion respectively, in the region
specified by an outer edge of the anode current
collector, and

in plan view, the coating layer includes the ex-
istence portion in at least a part of the opposing
region, and includes the non-existence portion
in at least a part of the non-opposing region.

2. Theall solid state battery according to claim 1, char-
acterized in that the anode active material includes
Si.
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The all solid state battery according to claim 1 or 2,
characterized in that the anode current collector
includes Cu or Ni.

The all solid state battery according to any one of
claims 1 to 3, characterized in that, in plan view,
the coating layer includes the existence portion in an
entire area of the opposing region.

The all solid state battery according to any one of
claims 1 to 3, characterized in that, in plan view,
the coating layer includes the existence portion and
the non-existence portion in the opposing region.

The all solid state battery according to any one of
claims 1 to 5, characterized in that, in plan view,
the coating layer includes the non-existence portion
in an entire area of the non-opposing region.

The all solid state battery according to any one of
claims 1 to 5, characterized in that, in plan view,
the coating layer includes the existence portion and
the non-existence portion in the non-opposing re-
gion.

The all solid state battery according to any one of
claims 1 to 7, characterized in that, in plan view,
the non-existence portion in the non-opposing region
is placed along a longitudinal direction of the all solid
state battery.

The all solid state battery according to any one of
claims 1 to 8, characterized in that, in plan view,
the non-existence portion in the non-opposing region
is placed along a transverse direction of the all solid
state battery.

The all solid state battery according to any one of
claims 1 to 9, characterized in that, in plan view,
the non-existence portion in the non-opposing region
is placed so as to surround the cathode active ma-
terial layer, continuously or discontinuously.
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